The aim of this study is to determine the effect of cage size and cage enrichment. Golden hamsters were individually housed in standard cages of four different sizes and in enriched cages of three different sizes since 3 weeks of age. Each of the seven housing groups consisted of 12 hamsters. After 14 weeks of housing in their respective environments the measurements started. The mean baseline rectal temperature was significantly higher in hamsters housed in small cages than in hamsters housed in large cages. After the injection of fever-inducing lipopolysaccharide rectal temperature increased by 1 to 2°C. The increase of rectal temperature and the fever index were the highest in animals housed in large cages and the smallest in animals housed in small cages. Through cage 'enrichment and increasing cage size the mean febrile response increased while the mean baseline rectal temperature decreased. Cage size and cage enrichment had no effect on the dispersion of the measured values. The differences in microclimate between large and small cages were too small to have an effect on thermoregulation. The results indicate that housing in small cages induce chronic stress which obviously affects thermoregulation. The findings demonstrate that the results of some physiological experiments are significantly influenced by the preexperimental housing conditions.
IKuhnen 19981.In continuing this line of research, the present study was designed to extend the results of that investigation. The present study should investigate the housing effects of four generally used cage sizes and the influence of cage enrichment on core temperature and fever. The induction of fever was chosen as an experimental parameter because as a widespread and beneficial defence response of vertebrates fever is known to be reduced by stress (Kluger 1991 , Long et al. 1991 , Roth 1998 . The results may help researchers to choose the appropriate housing conditions for golden hamsters.
The present experiments were performed to give an answer to the following questions: first whether the cage size and cage enrichment has a significant influence on core temperature and febrile response? Second whether cage enrichment increases the dispersion of the experimental determined values? And third whether different microclimates of the cages have an influence on the thermoregulatory results?
included 12 animals. The temperature of the air, of the wall, and of the bedding inside the different cages were measured and are presented in Fig 3. All animals were fed with a commercial hamster food (a mixture of grain, peanuts, and pellets) and water was provided ad libitum. The animals were kept on a 12h light/dark cycle at a room temperature of 23 to 2rc and a relative humidity of 60± 7%. 
Materials and methods

Animals and housing
The experiments were performed in 84 conscious male golden hamsters (Mesocricetus auratusi purchased from Charles River, Germany, Lak: LVG (SYR) BR), a solitary living species. Juvenile golden hamsters at 3 weeks of age (mean body weight 50 g) were randomly assigned to seven different housing conditions (Table I) , this included cages of four different sizes (I to IV) and the three larger types (II to IV) existed as a standard cage and as an enriched cage (enriched cages are marked by a +). The animals were kept in individual cages and each housing group 
Experimental design
After 14 weeks of housing in their respective environments, the investigation of the febrile response started. The febrile response was induced by the application of lipopolysaccharide (LPS) from Salmonella typhosa (50 /-lg/kg)via a pre-attached intraperitoneal catheter (to avoid the stress of handling the injection). The core temperature (Treelduring the febrile response was measured by a rectal thermocouple. The attachment and the removal of the catheters and thermocouples were done during a short-time halothane anaesthesia. To conduct the experiments, the hamsters were individually placed in perforated tubes which prevented them from turning and gnawing on thermocouples and catheters. The hamsters were habituated to these tubes before in several sessions. The hamsters of one housing group were measured in parallel at one day. The experimental set-up and procedure were published in detail previously (Kuhnen 1998) , The experiments were performed in a climatic chamber at an air temperature of 23.5±O.soC and a relative humidity of 51 ± 1%. To avoid uncontrolled effects of the circadian rhythm all experiments started in the morning between 08:00 and 09:00 h. LPS was usually injected 1.5 h after the preparation of the animals and each hamster received 3 applications of LPS at an interval of 14 days.
The Guiding Principles in the Care and Use of Animals, as approved by theAmerican Physiological Society (1996) , were observed and the experiments were endorsed by the local Committee on Animal Ethics. three presented parameters among the housing groups are greater than would be expected by chance; there is a statistically significant difference (P < 0.05). The baseline temperature is the mean Tree during 30 min before the application of LPS. This temperature decreased from 36.0 to 35.2°C (I vs IV+) with
Statistical methods
Data were taken once every 10 s and stored as mean values per minute. Statistical analyses were performed by using SigmaStat. Data were analysed by one-way analysis of variance and a subsequent all pairwise multiple comparison procedure (Tukey test) or by Kruskal-Wallis one-way analysis of variance on ranks and a subsequent all pairwise multiple comparison procedures (Dunn's method), all with a significance level of 0.05.
Results
The injection of LPS induced a rise ot"Tree in the golden hamsters of all seven housing groups. Figure 1 shows the mean pattern of Tree during the experiments} for clearness only three of the seven housing groups are shown. Tree started to rise 10 to 20 min after the application of LPS and reached the maximum at about 150 min. In general the LPSinjected animals developed a biphasic febrile increase of Tree. Figure 1 s40ws differences in the temperature pattern between the housing groups which are presented in more detail in Table 1 . One-way analysis of variance showed that the differences in the mean values of the three presented parameters among the housing groups are greater than would be expected by chance; there is a statistically significant difference (P < 0.05). Baseline temperature is the mean Tree during 30 min before the application of lPS, temperature increase is the mean value of differences between the highest Treeduring fever and baseline Treein each animal, and fever index is the area under the temperature-time curve for 4 h after the injection of lPS 
Discussion
Has cage size and cage enrichment got a significant influence on core temperature and on fever responseB aseline core temperature decreased with increasing cage size while the febrile response increased with cage size. There seems to be a gradual effect of cage size and an additional effect by cage enrichment. These results demonstrate the evident effect of cage size and cage enrichment on core temperature and the febrile reaction. The comparison of the mean values between different sizes of standard cages and between standard and enriched cages of the same size shows that the effect of cage size and cage enrichment is nearly the same in relation to baseline core temperature. But regarding the febrile response the effect of cage size is stronger than the influence of cage enrichment. However, one has to take into consideration the fact that this conclusion was reached on the basis of a few comparisons only. The effect of cage size had already been suggested by a previous study showing that housing in small cages increased core temperature and diminished the development of fever (Kuhnen 1998) . The development of fever is an important defence reaction of the body because it improves the rate of survival in serious infections (Kluger et al. 1975 , Vaughn et al. 1980 , Vaughn et al. 1981 . The presented findings of a housing-dependent fever development confirm results showing that unsuitable housing conditions increased the rate of infection IBrayton & Brain 1974) and the mortality rate (Clausing et al. 1994) of mice after infection. Besides fever and core temperature, other reactions are affected by housing conditions too. In mice the importance of cage size on behaviour was presented by Manosevitz and Pryor 11975);whereas a clear effect of enrichment was demonstrated in studies concerning behaviour /Scharmann 1993, Prior & Sachser 1995, Van de (types III and IV), however, the absolute temperature differences were small 1< 0.8°C). There are only small differences 1< 0.23°C) between cage types III and IV, and between I and IT, respectively. increasing cage size and cage enrichment. The increase in Trec during fever was significantly higher in animals kept in large cages of type IV (1.55°C) compared to animals housed in small cages of type I (0.9rC) . Likewise, the fever index for 4 h (the area under the temperature-time curve in relation to baseline temperature) decreased with housing in small cages (type II by 53% in comparison with housing in large cages. The dispersion of values was statistically analysed and showed that there was no significant effect of cage size or cage enrichment on the dispersion of measured values (baseline Trec, increase in Trec, fever index).
Once, because of a misunderstanding, the housing group IV had got new cleaned cages about 2 h before the experiment started. This experiment had to be repeated because the results were significantly different compared to previous results /paired t-test: P < 0.05) as shown in Fig 2. The mean baseline Tree was 36.26°C, the fever-induced increase in Tree was 1.03°C, and the fever index was O. noc h.
These values were similar to the results of group I but not to the previous results of group IV. Figure 3 shows the temperature of the air in the different cages, the surface temperature of the wall and of the bedding inside the different cage types. There are significant higher mean temperatures in the smaller cages (types I and II) compared to larger cages Weerd et al. 1995) , neuroanatomy, and neurophysiology (d. Renner & Rosenzweig 1987) .
The reasons for the effect of housing conditions on temperature regulation are not really clear at present. However, it is known that acute stress by handling or by restraint significantly increases core temperature (Briese & Cabanac 1991 , Parrott & Lloyd 1995 Weinandy 19961and that the stress-induced elevation of core temperature can last for days (Tornatzy & Miczek 1993 , Meerlo et al. 1996 . Therefore, it is conceivable that housing in small or inappropriate cages induces chronic stress with increased core temperature. Acute stress increases the plasma level of glucocorticoids (Groenink et al. 1994 , Parrott & Lloyd 1995 which are known to diminish the febrile response by peripheral inhibition of the production of fever-inducing cytokines (Barber et al. 1993 , Morrow et al. 1993 , Pezeshki 1996 and by central depression of fever (Willies & Woolf 1980 , Mcclellan et al. 1994 .
Possibly these mechanisms are also active during chronic housing stress. The presented hypothesis is supported by the single result of the housing group IV which was unintentionally exposed to acute stress by cleaning the cages and this caused results similar to chronic housing in small cages. Furthermore, this incidence showed that cage change is one of the strongest stressors in the laboratory routine (Conn et al. 1990 , Gattermann & Weinandy 1996 and that this single stress factor has a several-hour lasting effect.
Rats and guineapigs sometimes show a hypothermic reaction during immobilization (Amar & Sanyal1981, Zeisberger & Roth 1994 . However, it seems unlikely that the housing-induced differences in baseline Tree should reflect a hypothermic effect because measured Tree is similar to core temperature which one would expect at an ambient temperature of 24 a C (Gordon et al. 1986 , Stewart & McClure 1993 . Furthermore, measurements of Tree in golden hamsters subjected to an inhalation tube restraint showed a nonsignificant increase in Tree but no hypothermic response (King-Herbert et al. 1997) .
Stress-induced changes in Tree and heart rate seem to be most pronounced in the 225 resting phase (Tornatzky & Miczek 1993 , Gattermann & Weinandy 1996 , Meerlo et al. 1996 , therefore, it is likely that the described differences seen in baseline Tree and fever response would be smaller if the experiments would be performed during the active phase (dark phase) of golden hamsters.
Does cage enrichment increase the dispersion of the experimentally measured values!
Standardization of housing was developed to reduce the dispersion of the experimental values and to make results more comparable between different laboratories. The comparison of the standard deviations of the results from hamsters of enriched and not enriched cages of the same size shows no difference in the dispersion of values. Therefore, the used enrichment of the standard cages did not increase the dispersion of the measured physiological values. Furthermore, there is no recognizable difference in the dispersion of values between hamsters housed in cages of different size.
Could the microc1imates of the different cage sizes have an influence on the thermoregulatory results!
The microclimates in the smaller cages (ground space of 200 to 363 cm 2 ) are significantly different from larger cages (825 to 1815 cm 2 ). However, the absolute temperature differences in ambient temperature of 0.5 to 0.7 a C are small. Is it likely that these temperature differences might be the reason for the different thermoregulatory responses of the seven housing groups? The following arguments contradict that. First, the thermoregulatory results do not reflect the twocluster behaviour (cages sizes I and II vs III and IV) of the microclimate. Furthermore, the differences between the two housing groups with the same cage size and the same microclimate (for instance IV vs VI+) cannot be explained by that factor. Second, results on thermoregulation in golden hamsters have shown that acute changes of ambient temperature between 14 and 31ac did not result in significant changes of core temperature (Gordon et al. 1986 and that a range of 4 to 5°C is in the normal range of selected air temperatures (Gordon et al. 1986 ). Therefore, the difference in the microclimate seems to be too small to induce an adaptation which results in a changed temperature regulation. And furthermore, a 'cold adaptation' (large cages) should result in a decrease but not in an increase of the febrile response to LPS (Merker et al. 1989 ).
Conclusion
In summary, cage size and cage enrichment have a significant effect on core temperature and febrile response. The results indicate that cage sizes of 825 cm 2 and larger are more appropriate for housing golden hamsters than cage sizes of 363 cm 2 and smaller. The minimal cage size for housing golden hamsters given by the European Convention for the Protection of Experimental Animals (European Converition 1986)seems too small to cause sound interpretation of experimental results. For the comparison and assessment of results, the description of the housing conditions seems to be as essential as the description of the experimental procedure.
